Abstract Objective: To evaluate the single scrotal-incision orchidopexy (SSIO) technique in patients with an undescended testis palpable in the inguinal canal or below the external inguinal ring.
Introduction
The incidence of undescended testis in different studies varies from 30% in premature children to 1-3% in children born at term [1] [2] [3] . Most undescended testes are palpable [2] . The traditional inguinal orchidopexy, requiring two incisions, is a well-established technique that has commonly been regarded as the standard for managing undescended testes. This technique allows adequate mobilisation of the testis and spermatic vessels, and ligation of the associated hernia. Although the role of the transscrotal approach to the undescended testis remains controversial, this technique is gaining popularity [4] . We evaluated a single scrotal-incision orchidopexy (SSIO) in patients with an undescended testis palpable in the inguinal canal or below the external inguinal ring.
Patients and methods
Between January 2011 and December 2013, we performed 100 SSIOs in 89 patients. We excluded children with an ectopic testis (three) and those who had a history of previous inguinal surgery. All children were examined while supine, on at least two occasions, before and after the induction of general anaesthesia ( Fig. 1) , by the primary surgeon to confirm the diagnosis of a palpable undescended testis and to determine its location. Testicular size was measured at baseline and during the followup. All procedures were performed by one surgeon.
The principle surgical steps included: A high transverse scrotal incision; creation of a dartos pouch; deepening the incision through the layers of the scrotum down to the testis; releasing the gubernacular attachments to enable identification of the testis within the cremasteric fibres, a patent processus vaginalis, and the cord structures; separating the cremasteric fibres and hernia sac from the cord structures; mobilising the cranial sac under traction; high ligation of the hernia sac at the level of its origin at the internal inguinal ring (Fig. 2) ; placing the testis into the dartos pouch, and fixing it to the scrotal septum; and closing the scrotal skin with dissolvable sutures.
Optional surgical steps are used when additional cord length is required and include additional dissection through the same incision by opening the external ring and canal, and retroperitoneal dissection via a standard inguinal incision when additional length was still needed.
The operative duration was recorded. The follow-up assessments were at 2 weeks, 3 and 6 months and 1 year after surgery, to determine the position and size of the testis, and to identify any other complications.
Results
The undescended testes were right-sided in 44 patients, left-sided in 34 and bilateral in 11. The mean (range) age of the patients was 3.8 (0.75-12) years at the time of surgery. SSIO was performed before 18 months of age in 18 patients (22 testes) and after 5 years of age in 33 (36 testes). In these 33 patients a palpable undescended testis was detected at 5-6 years old (at the pre-school medical examination).
In 88 testes the SSIO was performed with no difficulties. In four cases an additional dissection was needed, by opening the external ring and canal; none of these patients developed an inguinal hernia after surgery. In eight patients conversion to an inguinal approach was necessary because of difficulty in controlling the hernial sacs, and inadequate mobilisation. The patients were divided into two groups, such that in group 1 (76 testes) the testis was located below the external ring, and in group 2 (24 testes) it was located in the inguinal canal. The SSIO was successful in 97% of group 1 and 75% of group 2. The mean (SD) operative duration was 17 (3.2) min and 27.5 (3.5) min, respectively. There was a hernia sac in 24% and 71%, respectively.
The mean (range) follow-up was 9 (3-36) months, and of the 89 patients, none developed testicular atrophy, one (1%) had wound dehiscence, and four (5%) had a scrotal haematoma. There was no statistically significant difference between the testicular size at baseline and that during the follow-up. At 3 months after surgery the overall cosmetic result was excellent. One patient with a hernia sac had a hernia recurrence. None of the eight patients undergoing conversion to an inguinal approach developed a hernia recurrence after surgery.
Discussion
The traditional technique for treating a palpable undescended testis requires inguinal and scrotal incisions. The inguinal incision is essential for adequate mobilisation of the undescended testis and ligation of the hernia sac. Through this incision the inguinal canal can be opened easily, the cord structures identified and the hernia sac dissected and managed by high ligation. This allows an adequate length of the spermatic cord. The scrotal incision is made to place the testis into the dartos pouch, and fix it to the scrotal septum [5, 6] . However, most undescended testicles are palpable at the external inguinal ring or distally. The distance between the external ring and the upper scrotum is short. Therefore orchidopexy can be done through a single scrotal incision. This technique is less invasive than the standard inguinal technique. It should be used for undescended testes located distal to the external inguinal ring [1] .
Bianchi and Squire [7] and Hazebroek et al. [8] showed that, in most cases of palpable undescended testes, the dissection of the cremaster and the processus vaginalis allows an adequate length of spermatic cord elements. Therefore the testes can be placed into the dartos pouch with no tension. Callewaert et al. [9] suggested that SSIO has many advantages over the traditional inguinal approach, as the operation is quicker and the cosmetic result is better. The single scrotal approach has been shown to be effective in managing primary and secondary cryptorchidism and communicating hydroceles, but the success of this technique for inguinal hernias has not been confirmed [10] . Redman [11] explained that this technique has not gained widespread acceptance because the ligation of the processus through a high scrotal incision is complex. However, the importance of ligating the processus vaginalis in managing undescended testes is controversial. Parsons et al. [12] , in their series of pre-scrotal orchidopexies, reported that an inguinal incision was necessary to ligate the patent processus vaginalis, which was found in 20% of cases. Others [5, 13, 14] suggested that the long-term outcome of orchidopexy is unaffected by not ligating the hernia sac. Several recent studies on scrotal orchidopexy found that a patent processus vaginalis could be dissected from the cord structures through the inguinal canal, with the aid of traction of the sac [3, 9, [15] [16] [17] [18] .
In the present study SSIO was used in patients with an undescended testis palpable in the inguinal canal or below the external inguinal ring, and the success of the technique was evaluated. An inguinal hernia was found in 35% of patients and was repaired with no problems. We believe that ligation of a patent processus vaginalis is feasible in the trans-scrotal approach. The hernia sac can be mobilised under traction through the external ring and ligated at the level of its origin at the internal inguinal ring. In some cases additional dissection is needed to allow the testicle to lie comfortably in the scrotum, and this can be done through the same incision by opening the external ring and canal.
SSIO has many advantages; it is simple and easy to learn and master. It offers minimal dissection and Figure 2 The intraoperative appearance of scrotal orchidopexy in a patient with an inguinal hernia (arrow). minimal trauma to the inguinal region. As a result, this technique causes less postoperative pain or swelling. Using a single scrotal incision also has the advantages of less pain, as there is no inguinal incision, and gives better cosmetic results and a quicker operation [14, 19, 20] .
In conclusion, the SSIO is minimal-access surgery that requires less dissection, causes less discomfort for the patient, and provides rapid healing, excellent cosmetic results and a good success rate. This technique is safe and effective for undescended testicles palpable in the inguinal canal or below the external inguinal ring.
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